Oviductal factors may be obtained by ultrafiltration of conditioned medium, added to a simple media and used in bovine embryo culture. In this study, we aimed to analyze the development of bovine embryos produced with oviductal factors compared to those cultured in the presence of BSA or serum, the effects of glucose in presence of these protein supplements, and the ability of oviductal factors to support embryo development during the entire culture period. In vitro produced bovine zygotes from slaughterhouse ovaries were cultured in modified-synthetic oviduct Ž . Ž . Ž . Ž . fluid mSOF alone or supplemented with 1 oviductal factors, 2 BSA and 3 FCS. Oviductal factors showed embryotrophic activity, although with blastocyst rates lower than those in BSA and Ž . FCS. Glucose 1.5 mM added at Day 2 of culture did not affect development in the presence of oviductal factors. The number of cells in expanded blastocysts was unaffected by the presence of glucose or any of the protein supplements used. Both BSA and FCS, respectively, improved blastocyst rates of Day 6 embryos produced with oviductal factors. The effect of oviductal factors was masked by the presence of BSA during the entire culture. FCS promoted an earlier appearance of blastocysts. It is concluded that the effect of glucose on in vitro embryo development depends upon the source of protein. Oviductal factors are not an appropriate supplement for embryos beyond Day 6 of culture in SOF, although blastocyst rates of such embryos may be increased by culturing them in the presence of FCS or BSA. q
Introduction
Although bovine embryos can be cultured in vitro in simple media under defined Ž conditions Pinyopummintr and Bavister, 1991; Kim et al., 1993b; Lim et al., 1994a;  . Keskintepe et al., 1995; Takahashi et al., 1996; Matsui et al., 1997 , protein supplemen-Ž tation has been shown to be beneficial for embryo development in vitro Takahashi and . First, 1992; Carolan et al., 1995 . Embryos cultured in the absence of protein exhibit Ž differences in their metabolic activity Eckert et al., 1998; Krisher et al., 1998; Lee et . Ž . al., 1998 , diminished developmental capacity Eckert et al., 1998; Krisher et al., 1998 , Ž . Ž lower protein contents Thompson et al., 1998b and a lower cell number Pinyopum-. mintr and Bavister, 1991; Lim et al., 1994b; Lee et al., 1998 compared to those cultured in the presence of protein. In addition, protein in the extra-embryonic environment is Ž . actively taken up by the trophectoderm of Day 7 blastocysts Thompson et al., 1998b . Serum and serum albumin are used preferentially as protein sources for the in vitro Ž culture of mammalian embryos. Serum may present negative side effects Bavister, . 1995 , which are minimized by incorporating serum albumin into the culture media, due in part to its ligand binding properties protecting against toxic components of the media Ž . Flood and Shirley, 1991; Maurer, 1992 . Ž . Recently, Vansteenbrugge et al. 1996 demonstrated that high molecular weight factors, isolated from bovine oviductal cells cultured in vitro, improve embryo develop-Ž . ment. These factors, obtained by ultrafiltration 10 kDa cut off of serum free, TCM-199 conditioned medium, were used in culture as a protein supplement, being added to Ž . synthetic oviduct fluid medium SOF . That work demonstrated the specificity of the effect of oviductal factors by means of a comparison with proteins such as cytochrome C and ovalbumin. In the same work, the complex medium TCM-199, necessary for sustaining somatic cells in culture, was unsuitable for preimplantation embryos, as Ž . pointed out by Edwards et al. 1997 .
The development of bovine embryos in vitro is also affected by energy substrates ŽKim et al., 1993b; Rosenkrans et al., 1993; Pinyopummintr and Bavister, 1996; Gomez, . 1997; Gomez and Dıez, 1998 . In particular, glucose at concentrations ranging from 1.5t o 5.56 mM, has been reported to improve blastocyst production both in presence of Ž serum Rorie et al., 1994; Carolan et al., 1995; Koji et al., 1997; Wang et al., 1997;  . Ž Donnay et al., 1999 and in the presence of BSA Kim et al., 1993a; Lim et al., 1993 Lim et al., , . 1994a Ohboshi et al., 1996; Furnus et al., 1997 . Pyruvate, lactate and amino acids, are Ž preferred to glucose during the early cleavage stages Rieger et al., 1992a,b; Pinyopum-. mintr and Bavister, 1996 . Thus, the stimulatory effect of glucose is generally described Ž in association with its delayed incorporation in culture Kim et al., 1993a; Lim et al., . 1994a; Ohboshi et al., 1996; Furnus et al., 1997; Donnay et al., 1999 . Factors required to reach the morula and blastocyst stage may be lacking in oviductal factors from some batches of conditioned medium, and limited development to the Ž blastocyst stage of such cultured embryos was observed in preliminary studies . Oviductal factors have not been tested in culture in comparison with BSA and FCS, and the effect of glucose on embryo development in medium containing oviductal factors is not still known. In the present work, we aimed to develop a procedure allowing the storage of a frozen retentate containing oviductal factors. This is in place of repeating centrifugation of frozen-stored aliquots of conditioned medium, which is a time-consuming operation Ž . Vansteenbrugge et al., 1996 . In addition, in order to enhance the number and nature of molecules present in the retentate, the cut off employed was 1 kDa. These factors were compared to other protein supplements in terms of their embryotrophic ability. At the same time, the effect of glucose on embryo development and its dependence on the nature of protein supplements employed was tested. Finally, we determined whether or not embryos cultured with oviductal factors as a protein supplement for the entire culture exhibit diminished developmental competence.
Materials and methods

Ž
. All chemicals were purchased from Sigma Madrid, Spain , unless otherwise indicated. . solution Ca and Mg free and clamped over both extremes. A gentle pressure along the oviducts prior to clamp removal permitted the collection of medium with aggregates of epithelial cells. These aggregates were pipetted to a tube containing the Ž . culture medium, that consisted of TCM-199 Gibco, Barcelona, Spain , 10% FCS and antibiotic-antimycotic. The cells suspended in the culture medium were dispersed by passing them through a 25-gauge needle attached to a syringe and centrifuged once at 700 = g for 4 min. A sample from the final cell pellet was counted in an haemocytometer, and aliquots of 10 ml of culture medium containing 10 6 cells were seeded in 25-cm 2 Ž . culture flasks Nunc, Biocen, Madrid, Spain . The cell suspension was incubated at 398C, in an atmosphere of 5% CO in air and high humidity. The culture medium was 2 renewed 3-4 days after seeding, and attached cells were allowed to grow in culture during a further period of 3 days to form a confluent monolayer. The cell monolayers were then incubated for 48 h in TCM-199 alone to eliminate remaining serum fractions. The medium was aspirated and discarded and the cell-monolayers rinsed once with TCM-199 alone. For conditioning, 6 ml of TCM-199 alone were added per flask in successive culture periods of 48 h each.
Ultrafiltration of BOCM
Ž
. A modification of the procedure of Vansteenbrugge et al. 1996 was used. The first three harvests of conditioned medium were pooled, stored at 48C and rapidly dialyzed in an ultrafiltration cell pressurized with N . Every batch of conditioned medium was 2 Ž dialyzed four times against Milli-Q water trough a 1000 Da cut-off membrane regener-( ). ated cellulose, low binding, cat a 04710, Millipore, Madrid, Spain . The final volume of retentate was reduced to 1r10 of the initial volume in the original conditioned medium. Retentate was sterile filtered through 0.22 mm, aliquoted in cryovials containing 200 ml each and stored frozen in LN until use. 
Glucose and protein contents
The protein content of retentate was quantified in the frozenrthawed aliquots using Ž . the Coomassie blue method Bradford, 1976 . The glucose content was determined in frozenrthawed aliquots of retentate and also in FCS and in a 32-mgrml solution of BSA. The method of analysis was colorimetric, by the stoichiometric production of NADPH in the hexokinase, glucose 6-phosphate dehydrogenase reaction, coupled with reduction of iodonitrotetrazolium on an autoanalyzer.
Oocyte recoÕery
Ovaries recovered from slaughtered Asturiana de los Valles cows and heifers were
placed in NaCl solution 9 mg ml containing antibiotics penicillin, 100 u.i. ml y1 . and streptomycin sulfate, 100 mg ml and maintained at 30-358C until recovery of Ž . cumulus-oocyte complexes COCs . Ovaries were washed twice in distilled water and once in freshly prepared saline and antibiotics. COCs were aspirated from 2-to 7-mm visible follicles through an 18-gauge needle connected to a syringe and recovered into a 50-ml plastic tube. Follicular fluid and COCs were placed in an ovum concentrator Ž . Em-Con, Eurofomento Pecuario, Madrid, Spain and rinsed three times with holding medium, consisting of PBS, pyruvate 0.16 mM, BSA 3 mg ml y1 and gentamycin Ž y1 . solution 5 ml ml ; Gibco .
Maturation
Only oocytes enclosed in a compact cumulus with evenly granulated cytoplasm were selected for maturation. The COCs were washed three times in maturation medium, Ž . Ž . Ž which consisted of Medium 199 Sigma , fetal bovine serum FBS, 10% vrv , FSHp 1 y1 . Ž y1 . Ž y1 . Ž . mg ml , LH 5 mg ml , 17-b-estradiol 1 mg ml and cysteamine 100 mM . Maturation was performed by culturing approximately 50 COCs in 500 ml of maturation medium in four-well dishes at 398C in 5% CO in air and high humidity. 
Fertilization
Sperm separation was carried out using a swim-up procedure similar to that reported Ž . by Parrish et al. 1986 . Briefly, semen from one frozen straw of a single bull was thawed in a water bath and added to a polystyrene tube containing 1 ml of pre-equilibrated Sperm-TALP. After 1 h of incubation, approximately 700 ml of the upper layer of supernatant containing the motile sperm was removed. The sperm were centrifuged for 7 min at 600 rpm and the supernatant aspirated to leave a pellet of approximately 100 ml in volume. Sperm concentration was determined with a haemocytometer. After 23 to 24 h of maturation, the COCs were washed three times in holding medium and placed in four-well culture dishes containing pre-equilibrated fertilization medium Ž . Ž y1 . Fert-TALP with heparin 10 mg ml , Calbiochem, La Jolla, CA . Spermatozoa were then added at a concentration of 2 = 10 6 cells ml y1 in 500 ml of medium per well containing 100 COCs. In vitro fertilization was accomplished by incubating oocytes and sperm cells together for 18 h at 398C in 5% CO in air and high humidity. 2 2.7. Embryo culture Ž Embryo culture was carried out in mSOF 270-280 mosM, pH 7.2-7.3; Takahashi . and First, 1992 , containing 20 mlrl BME essential amino acids, 10 mlrl MEM nonessential amino acids, cysteamine 50 mM and a protein supplement. According to the protein supplement added, culture groups used throughout the experiments were as Ž . Ž y1 . Ž . Ž. follows: 1 FCS: mSOF containing BSA 3 mg ml and FCS 10% vrv , 2 BSA: Ž y1 . Ž . mSOF supplemented with BSA 8 mg ml , 3 UBOCM: To get mSOF containing ultrafiltered BOCM, a cryovial of retentate was thawed and filled with 1800 ml of a sterile filtered mSOF, which was previously concentrated to approximately 9r10 in volume and adjusted to 303 mosM and pH 7.1. The cryovial was centrifuged for 5 min Ž . at 2000 = g and the supernatant used for embryo culture; and 4 UBOCMq BSA: UBOCM and 8 mg ml y1 BSA. Ž y1 . Droplets of 30-50 ml 1 ml embryo of culture medium were prepared in four-well dishes under mineral oil and equilibrated in the incubator for at least 2 h prior to the addition of zygotes.
Fertilized oocytes were vortexed for 3 min to separate cumulus cells and rapidly washed three times in holding medium and twice in the appropriate culture medium. Culture media were renewed for three times during the culture period. Embryo develop-Ž . ment was observed on Days 2, 3, 6, 7, 8, and 9 post-insemination PI .
Cell counts
The cell numbers of expanded blastocyst obtained at Day 7 and 8 were measured. Ž Blastocysts were maintained for 20 min in hypotonic solution 0.9% wrv of sodium . Ž. citrate in double distilled water , fixed with methanol and acetic acid 2:1 , and stained Ž . with Giemsa 1r20 vrv for 25 min. Cell counting was carried out at =200 under a light microscope.
Experimental design 2.9.1. Experiment I
To determine embryotrophic ability of the retentate, in vitro development of embryos cultured in UBOCM was compared to that of embryos cultured in the absence of protein supplements.
Experiment II
Ž . The effect of the presence of glucose 1.5 mM added to the culture media 68 h PI Ž . and protein supplements FCS, BSA and UBOCM on the embryo development and 
Experiment IV
The capacity of Day 6 embryos cultured in UBOCM to resume development in the presence of serum was evaluated. Zygotes were randomly allocated to culture medium Ž . that contained one of the following supplements: 1 FCS for the whole culture period, 
Statistical analysis
Data were analyzed by ANOVA. Combination of treatments was considered as fixed effects for the different developmental variables. The Tukey's test was used to estimate the significance of treatment effects, which were expressed as mean percentages of the cultured oocytes or number of cells in blastocysts.
Ultrafiltration
Four batches of UBOCM were selected for their embryotrophic activity to be used Ž . throughout the experiments Vansteenbrugge et al., 1996; Dıez et al., 1998 . Finaĺ osmolarity and pH in mSOF containing UBOCM ranged between 280 and 286 mosMrkg, and 7.24 and 7.29, respectively.
Glucose and protein contents
Data refer to concentrations of the respective supplements as used in culture. The Ž . total protein content of the retentate mean of five batches was 83 mgrml on average. Ž . Ž The average glucose content was 0.55 mM serum, three batches , F 0.12 mM BSA, . Ž . one batch used in all experiments and F 0.05 mM retentate, four batches . Table 1 shows differences at these stages between embryos cultured in UBOCM and embryos cultured in the absence of protein. In the tables corresponding to the other experiments, cleavage and five to eight cell stage ranged from 81.81 to 89.58 and 57.51 to 64.82, respectively, with no significant differences being detected.
CleaÕage and fiÕe to eight cell stage
Experiment I
Embryos cultured in the presence of oviductal factors developed to the morula and blastocyst stages at higher rates than those cultured in the absence of protein supple-Ž . ments see Table 1 
Experiment II
Results are shown in Tables 2-5 . Glucose increased the percentage of morulae only in the presence of BSA alone. As opposed to observations in media containing BSA and FCS, no effects of glucose on blastocyst development were apparent in media containing UBOCM. However, blastocyst rates on Day 8 in BSA differed to that in FCS. The cell counts did not differ in the presence of glucose or any of the different protein supplements used.
Experiment III
In Table 6 , the percentage of morulae increased when UBOCM and BSA were both together in culture. BSA did not increase blastocyst rates of Day 6 UBOCM-produced embryos, but blastocysts appeared earlier in UBOCMq BSA. There were no effects of UBOCM on blastocyst development rates in the presence of BSA. UBOCM was incapable of yielding blastocyst rates on Day 7 and 8 comparable to those of BSA alone. Table 7 shows that serum gave proportions of morulae and blastocysts higher than those in UBOCM. Furthermore, serum improved the blastocyst rate of Day 6 UBOCMproduced embryos.
Experiment IV
Discussion
The procedure reported in this work permits the isolation of oviductal factors ) 1,000 Da and preserve their embryotrophic ability. The storage of a frozen retentate containing oviductal factors avoids either freezing original culture medium or repeated Ž centrifugation of frozen-stored aliquots of conditioned medium Vansteenbrugge et al., . 1996 , which is time consuming. In addition, the use of water instead of TCM-199 as a solvent for ultrafiltration prevents the presence of undesired factors in the retentate.
( )Indeed, hypoxantine and nicotinamide, which have been found to inhibit embryo Ž . development Bastia et al., 1993; Loutradis et al., 1993; Tsai and Gardner, 1994 , are present in TCM-199 and should not be incorporated to SOF. Protein contents under our Ž y1 conditions were higher than that in the work of Vansteenbrugge 83 vs. 30 mgrml , . respectively , probably due in part to the lower level of cut-off employed in the present work. The method of storage prior to in vitro culture could also have affected the results, Ž . since the temperature and atmosphere used y1938C and LN gas phase, respectively 2 contrast to y908C in air. All these different traits highlight the need to carry out simultaneous comparisons between both procedures.
Glucose affects in vitro embryo development depending on the origin of protein sources added to the culture medium. Glucose increased the percentage of morulae cultured in BSA, but did not promote yield of morulae in the presence of serum or oviductal factors. For blastocyst development, the most evident stimulatory effect of glucose was that on embryos cultured in serum. Interestingly, glucose did not affect development in the presence of oviductal factors, which agrees with a lack of correlation between glucose levels and embryotrophic activity of bovine oviduct conditioned Ž . medium Stojkovic et al., 1997 . In medium conditioned by BRL cells, the addition of Ž . glucose after 3 days of culture did not affect blastocyst yield Funston et al., 1997 . In the presence of BSA, glucose tended to promote development, which is in contrast with Ž . the notable difference found in other studies Furnus et al., 1997 .
The stimulation of blastocyst development by serum in simple media has already Ž been demonstrated both in the presence Rorie et al., 1994; Carolan et al., 1995; Koji et . al., 1997; Wang et al., 1997; Donnay et al., 1999 and absence of exogenous glucose Ž . Vansteenbrugge et al., 1997; Thompson et al., 1998a . The FCS used in these experiments added 0.54 mM glucose to culture media, whilst Ž glucose contents were substantially lower in BSA and UBOCM below 0.12 and 0.05 . mM, respectively . Ž Embryo quality may be assessed by the number of embryonic cells Ellington et al., . 1990 . In the present study, the number of cells counted in expanded blastocysts did not differ due to the presence of glucose or any of the different protein supplements used. Ž Glucose did not affect the cell number of blastocysts in SOF containing BSA Takahashi . Ž . and First, 1992; or serum Donnay et al., 1999 However, previously reported effects of serum and BSA on the cell number are contradictory, probably in dependence on specific bioactivity of batches used. It is likely that the effect of serum on cell number is dependent upon both, the time of its inclusion in culture and the type of serum itself. Embryos produced in UBOCM contained a number of cells comparable to other groups and exhibited excellent morphology.
In the present work, the addition of serum promoted the earlier appearance of Ž blastocysts, which has been reported by other authors Bavister et al., 1992; Bavister, 1995; Carolan et al., 1995; Koji et al., 1997; Thompson . et al., 1998a; Tricoire et al., 1999 . The effect of FCS accelerating blastocyst develop-Ž ment became apparent even after brief periods of culture Koji et al., 1997; Thompson et al., 1998a ; these works reported differences in blastocyst rates because of serum addition at 36 h, 46 h and 2 days of culture, . respectively . Recently, the shift in timing of blastocoele formation due to FCS addition ( )to a simple medium containing amino acids, was reported in agreement with conditions Ž in the present study using Day 6 UBOCM-produced embryos 24 h; Northey et al., . 1999 . Ž . In Experiment II Table 2 , we observed that Day 6 morulae rates in UBOCM were comparable to those in the group containing BSA. However, development in UBOCM readily declined on Day 7 and blastocyst rates were lower. On this basis, we designed the experiments III and IV to investigate whether these Day 6 embryos produced in Ž UBOCM were more competent when developing in other culture conditions e.g., BSA . or FCS , or whether lower blastocyst proportions would result in any case. As observed, UBOCM does not seem to be an appropriate medium to culture bovine embryos beyond the morula stage. FCS, but not BSA, resulted in more Day-6 UBOCM-cultured embryos reaching the blastocyst stage on Day 7. However, on Days 8 and 9 both FCS and BSA increased the blastocyst rates of UBOCM-cultured embryos. Although UBOCM in culture with BSA improved morula development, there was no effect on blastocyst development compared to culture in BSA alone. On this basis, we decided not to include a group containing UBOCMq FCS in experiment III. A possible explanation for these effects of BSA or FCS on UBOCM cultured embryos lies in the fact that although high molecular weight factors may enable the embryo to continue development during later Ž . stages Gomez and Urıa, 1997 , they are actually unnecessary during the earlier stageśŽ Mermillod et al., 1993; Pinyopummintr and Bavister, 1994; Vansteenbrugge et al., . 1996; Gomez and Urıa, 1997 . Thus, the effects of increasing protein concentration oń´Ž blastocysts yield would be more evident at a later stage Wang et al., 1997; Krisher et . al., 1998 . In our work, blastocyst development in BSA was unaffected in the presence of UBOCM, which contains a low amount of protein. This suggests that a high BSA concentration at later stages is more important to the bovine embryo, in terms of blastocyst production, than are other factors provided by UBOCM. The above stimulatory effect could also be due to commercial BSA are likely to be contaminated with Ž . growth factors Menezo and Khatchadourian, 1986; Carolan et al., 1995 . Therefore, increasing the BSA concentration may increase the total growth factors contents. Ž A variety of nonspecific growth factors are secreted by the bovine oviduct Watson et al., 1992; Eriksen et al., 1993; Schmidt et al., 1994; Gandolfi et al., 1995; Reinhart et . al., 1998 , and improve embryo development: FGF and EGF, acting synergistically or Ž . Ž . alone Fukui, 1995 , LIF Fukui and Matsuyama, 1994 , insulin and IGF-I Ž . Ž . Matsui et al., 1995 Matsui et al., , 1997 , a combination of TGFa and bFGF Larson et al., 1992a , Ž . Ž . Activin bA subunit Yoshioka et al., 1998 , PDGF Larson et al., 1992b . As opposed to growth factors, oviductal molecules such as 97 kDa bovine estrus associated glycoprotein and a tissue inhibitor of metalloproteinase-1 do not seem to have an important Ž . role in sustaining embryo development in vitro Vansteenbrugge et al., 1997 . In conclusion, the procedure employed here permits isolation of oviductal factors ) 1,000 Da and the preservation of their embryotrophic ability once in culture. However, this oviduct preparation does not support equivalent levels of blastocyst development at Day 7 as serum and BSA, nor does it accelerate blastocyst development. This might indicate that a lack of total protein was present in the retentate or that the type or levels of facilitative growth factors were ineffective. Oviductal factors are not an appropriate supplement for embryos beyond Day 6 of culture, and its embryotrophic ( )effects are masked by the presence of BSA in culture. Blastocyst rates of embryos produced in the presence of oviductal factors may be enhanced by culturing them in the presence of serum or BSA. The effect of serum accelerating blastocyst development becomes apparent even during periods of culture as short as 1 day. Glucose affects in vitro embryo development depending on the protein sources added to the culture medium, although it did not increase the blastocyst cell number. In particular, glucose did not affect development in the presence of oviductal factors, which produced blastocysts of a quality comparable to those produced in serum or BSA.
